ABSTRACT
There are a variety of tests available to identify Helicobacter pylori infection. These tests can be divided into those that do not require and those that do require endoscopy. This review provides a detailed discussion of the available diagnostic tests for H. pylori infection. Special attention is paid to the role of diagnostic testing in the management of patients with H. pylori-related disease. The potential advantages and disadvantages of various tests and the role of testing to confirm eradication after treatment for H. pylori is also discussed.
CURRENT INDICATIONS FOR THE DIAGNOSIS OF H. PYLORI
In the past, clinicians have asked the question, " Which patients with Helicobacter pylori infection should we treat?". However, once identified, it is difficult to withhold therapy for an infection known to be associated with a number of clinically important diseases. If found to be infected, regardless of the reason for diagnostic testing, the clinician should be prepared to offer treatment. As such, the only relevant question is, "Which patients should we test for Helicobacter pylori infection?".
There is a clear link between H. pylori infection and the pathogenesis of peptic ulcer disease (PUD) (1) . Cure of this infection is the most cost-effective means of managing patients with PUD (2) . A consensus conference statement from the National Institutes of Health recommended that all patients with PUD as well as those on long-term medical therapy for a history of PUD should be tested for H. pylori (3).
The incidence of H. pylori infection in patients with gastric adenocarcinoma, non-Hodgkin's lymphoma, and mucosa associated lymphoid tissue lymphoma (MALToma), is significantly higher than in controls (4) . Because many patients with low-grade gastric MALToma will experience tumor regression following H. pylori eradication (5) , all patients with MALToma should be tested for H. pylori. In addition, the Japanese have reported that eradication of H. pylori infection reduces the likelihood of recurrence following the endoscopic resection of early gastric adenocarcinoma (6) .
A recent medical position statement by the American Gastroenterological Association recommended that dyspeptic patients, primarily those with ulcer-like dyspepsia or pain centered in the upper abdomen as their predominant symptom, under the age of 45-50 years with no "alarm features" (weight loss, evidence of bleeding, vomiting, dysphagia, anemia) undergo a "test and treat" strategy for H. pylori (7) . In this strategy, patients undergo a non-endoscopic test for H. pylori and those with a (8, 9) . The cost-effectiveness of this strategy will require periodic re-evaluation given the changing costs of specific diagnostic tests and the falling prevalence of H. pylori in the western world.
Patients with non-ulcer dyspepsia (NUD) suffer with epigastric pain or discomfort but have no evidence of PUD at the time of endoscopy. A relationship between H. pylori and NUD has been suggested but remains quite controversial. Several recent, large, randomized, doubleblind, controlled trials assessing the potential benefits of treating patients with NUD for H. pylori infection with a standard regimen versus placebo or a short course with a proton pump inhibitor (PPI) have yielded conflicting results (10) (11) (12) (13) . The degree of confusion regarding this issue was recently highlighted by the publication of two metaanalysis' which arrived at opposite conclusions -one finding a statistically significant benefit associated with the eradication of H. pylori (14) and the other finding no statistically significant advantage to curing this infection (15) . Though the conclusions of the available studies have been conflicting, the reported likelihood of symptom response has been remarkably consistent ranging from 21-46%. Even if the reader accepts the premise that there is a statistically significant benefit to curing H. pylori in NUD patients, the incremental benefit over placebo or a short course with a PPI is likely to be modest.
Currently, there is no indication to test asymptomatic individuals for H. pylori. In addition, the available literature would suggest that the classic symptoms of gastroesophageal reflux disease (GERD), including heartburn and regurgitation, are not indications to test for H. pylori infection. Recent studies suggest that eradication of H. pylori infection either has no effect or may even worsen GERD in a subset of patients (16, 17) . There is currently no data to suggest that H. pylori eradication improves GERD symptoms or esophagitis. Recommended indications for testing and treating H. pylori are presented in table 1.
DIAGNOSTIC TESTS FOR H. PYLORI
No single test can be considered the "gold standard" for the diagnosis of H. pylori infection. It is convenient to divide the diagnostic tests into those that do and those that do not require EGD ( 
. Antibody tests
The enzyme-linked immunosorbent assay (ELISA) provides a widely available means of determining the serum IgG antibody titre to H. pylori. A recent metaanalysis of 21 studies reported an overall sensitivity of 85% and specificity of 79% for ELISA (18) . Disadvantages of the ELISA include the need for a CLIA-approved laboratory and a delay between the time of testing and the availability of results.
Office-based, qualitative kits utilizing serum or whole blood are also available. The sensitivity and specificity of the serum-based qualitative tests are similar to those yielded by ELISA (19) . Whole blood, qualitative antibody tests, which require 2-3 drops of blood obtained by a fingerstick, are quick, easy to perform, and do not require centrifugation.
Unfortunately, the current generation of whole blood antibody tests appears to be less sensitive than other methods of H. pylori testing. In a recent US, multi-center trial, 3 different fingerstick whole blood antibody tests were evaluated against a histological gold standard (20) . Sensitivities for the 3 antibody tests ranged from 76-84% and specificities from 79-90%. Though the first generation whole blood antibody tests are not as sensitive as the ELISAs, newer whole blood tests appear to provide improved sensitivity (21, 22) . Antibody tests are most useful in patients not previously treated for H. pylori infection. Unlike the noninvasive tests that detect active infection, including the urea breath test and stool antigen test, the sensitivity of antibody tests in patients with H. pylori infection is not affected by the recent use of proton pump inhibitors (PPIs), bismuth containing compounds, or antibiotics. Unfortunately, antibody tests cannot distinguish between active and recent (previously treated) infection. The importance of this point is discussed later in this manuscript.
Non-endoscopic urease tests (NUT)
The non-endoscopic urease tests (NUT) include the 13/14 Carbon-urea breath tests and 13 Carbon-urea blood test. These tests rely upon the identification of H. pylori's urease activity (figure 1). Since urease is not present in normal human tissues, and since other urease-producing bacteria do not colonize the stomach, the presence of urease in the stomach can be equated with H. pylori infection. When a patient with active H. pylori infection takes an oral dose of labeled urea, urease hydrolyzes the urea to ammonia and labeled bicarbonate. Ammonia migrates toward the gastric lumen while labeled bicarbonate is rapidly absorbed into the bloodstream where it can be converted to water and labeled carbon dioxide. The labeled bicarbonate can be measured in the serum, while the majority of labeled CO 2 is excreted in the breath where it can be collected and quantitated using mass spectrometry ( 13 C) or a standard scintillation counter ( 14 C). Unlike the antibody-based tests, the NUTs only identify patients with active H. pylori infection and are accurate in both the preand post-treatment setting.
The 13 C-urea breath test (UBT) utilizes a nonradioactive, stable isotope. Breath samples are analyzed by mass spectrometry. The test that is currently commercially available requires a meal to slow gastric emptying of the 13 C-urea and takes approximately an hour to perform (Meretek, Nashville, TN). A simplified version of the 13 Curea breath test that requires no test meal and the collection of a single 15 minute breath sample will be available some time in 2001(personal communication: David Graham, Baylor University, Houston, TX). Another version of the 13 C-UBT which provides real-time results is currently in development (23). In the near future, infrared spectrometry will provide an alternative means of breath analysis to mass spectrometry (24).
Infrared spectrometry may offer advantages over mass spectrometry in terms of decreasing need for quality control, space, and cost. The NUTs are accurate as primary diagnostic methods and for confirming eradication after a course of antimicrobial therapy (28,29). The NUTs are functional tests and therefore, can be adversely affected by drugs known to decrease the absolute number of H. pylori organisms or urease activity. The recent use of antibiotics, bismuth compounds, or agents that potently suppress gastric acid production can lead to false negative NUT results (25,30).
It is currently recommended that antibiotics and bismuth containing compounds be withheld for 2-3 weeks prior to performing the NUTs (25). PPIs have been found to decrease the sensitivity of the NUTs (31,32,33). Several investigators have found that standard doses of omeprazole and lansoprazole can induce false negative NUT results. Based upon these observations, it is currently recommended that patients withhold a PPI for 7-14 days prior to urease testing. The mechanisms by which PPIs affect the sensitivity of the NUTs remain incompletely defined. However, it appears that individuals with the greatest increase in intragastric pH with a PPI are the most likely to develop a false negative UBT result (32). A recent study found that intragastric acidification with citrate at the time of urea ingestion decreases the likelihood of false negative UBT results in patients taking a PPI (34). Whether histamine-2-receptor antagonists influence the sensitivity of the NUTs remains controversial (32,35). A recent study in a large number of subjects with H. pylori infection reported that standard and high doses of ranitidine induced false negative breath test results in 15% and that this effect resolved within 2 weeks of discontinuing therapy (36).
Fecal antigen test (FAT)
Recently, a test which identifies H. pylori antigens in stool has become commercially available. The fecal antigen test (FAT) utilizes polyclonal anti-H. pylori capture antibody adsorbed to microwells. Diluted stool and a peroxidase conjugated polyclonal antibody are added followed by substrate one hour later. In infected patients, enzyme-substrate binding leads to a color change which can be detected visually or spectrophotometrically. After collection, stool samples can be stored at 2-8°C for 3 days and at -20°C indefinitely.
Studies have reported sensitivity and specificity for the FAT of >90% in patients not previously treated for H. pylori infection (29). Like the NUTs, the stool antigen test identifies patients with active H. pylori infection. Preliminary studies suggest that the stool antigen test may be useful as a means of establishing cure after antimicrobial therapy (37). The sensitivity of the stool test is decreased by the recent use of antibiotics, bismuth, or PPIs, though to a lesser degree than the NUTs (30). Issues which have slowed the widespread use of this test include the inherent unpleasantness associated with the handling and storing of stool, limited availability, and highly variable state to state reimbursement.
Endoscopic methods of H. pylori diagnosis 3.2.1 . Rapid urease tests (RUT)
The rapid urease tests (RUTs) rely upon the identification of H. pylori's urease activity. These tests utilize either a gel matrix (CLO test, Ballard Medical Products; HP fast, GI supply) or reaction strip (Pyloritek, Serim Research) embedded with urea and a pH-sensitive indicator. If H. pylori is present, urease cleaves urea leading to an increase in pH and consequent color change in the test medium. The RUT is sensitive (>89%) and specific (>90%) (38). Like the NUTs, RUT sensitivity can be decreased by the recent use of antibiotics, bismuth, or PPIs. The CLO test and the HP fast provide rapid results in most instances (75% positive within 20 minutes) but can take up to 24 hours to become positive (39) . An advantage of Pyloritek is the ability to obtain formal results 1 hour after inoculation with gastric tissue. The RUT is the least costly means of H. pylori diagnosis at the time of EGD (≈$5-10).
The rapidity with which the RUT becomes positive is dependent upon the quantity of urease, or H. pylori, inoculated into the test medium. In addition, the recent use of a PPI decreases the sensitivity of RUT when using a single antral mucosal biopsy. As such, it is reasonable to obtain two mucosal biopsies (one from the body and one from the antrum of the stomach) when performing the RUT. Recent studies suggest that the sensitivity of the RUT may be compromised in patients who have suffered an acute upper gastrointestinal bleed (40) . In such patients, obtaining biopsies for histology or blood for ELISA testing may be a more appropriate diagnostic choice than RUT.
Histology
In experienced hands, histological identification of H. pylori is highly sensitive (>90%) and specific (>90%) (41) . H. pylori is best identified by silver, Giemsa, and/or Genta stains. The Genta stain, which is a combination of H&E, Steiner, and Alcian Blue stains, allows identification of H. pylori and a review of histological architecture of the gastric mucosa with a single stain. Standard H&E staining is also reasonably sensitive and specific in the hands of an experienced pathologist. Factors other than the direct demonstration of the organism can support the histological diagnosis of H. pylori. The demonstration of chronic antral gastritis (Type B gastritis) is highly sensitive but not specific for H. pylori infection (21, 41) . In other words, all H. pylori infected patients have some degree of chronic antral gastritis, but not all chronic antral gastritis is caused by H. pylori infection. In addition to direct demonstration of the organism or surrogate markers such as chronic antral gastritis, histology allows the identification of concurrent mucosal pathology such as gastric malignancy and can provide clues regarding the etiology of lesions caused by nonsteroidal anti-inflammatory agents.
H. pylori culture
Identification of H. pylori is made on the basis of colony morphology ( ≈ 3 mm translucent colonies) that contain Gram negative, curved rods that test positive for urease, catalase, and oxidase. Culture is arguably the most specific means of diagnosing H. pylori infection. Culture also allows the determination of antibiotic sensitivity profiles. However, the usefulness of culture is hampered by limited availability, the fastidious nature of H. pylori, the need for properly trained personnel, and the delay between obtaining tissue and receiving formal results (3-6 days) (42) . In addition, sensitivity can be affected by sampling error, recent antibiotic use, ingestion of topical anesthetics or simethicone, and contamination of specimens with glutaraldehyde during biopsy acquisition (43) . In the best hands, sensitivity is approximately 85% (44) . As is the case with histology, the need for endoscopy and associated expense are further factors weighing against culture. For these reasons, culture remains confined to the setting of clinical research in the US. However, it is conceivable that culture will acquire a more important role in the years to come as resistance to commonly used antimicrobial agents increases.
H. PYLORI TESTING IN CLINICAL PRACTICE
When considering the diagnostic options for H. pylori, the first decision involves whether a patient does or does not require EGD. If EGD is needed and a patient has not had recent antibiotics, bismuth, or a PPI, RUT is the most cost-effective choice. In patients who have recently taken medications known to affect H. pylori viability, some have advocated obtaining biopsies for RUT and histology, and only sending histology if the RUT is negative. Unfortunately, this is cumbersome in clinical practice. As such, if a patient is taking antibiotics, bismuth, or a PPI or if there are macroscopic findings which require microscopic evaluation, histology with or without RUT should be performed.
Due largely to issues of availability, convenience, and cost, antibody tests are currently the most widely utilized non-endoscopic tests for H. pylori. However, choosing the most appropriate non-endoscopic test for H. pylori requires an explicit understanding of the tradeoffs between the lower acquisition cost of antibody testing and the superior accuracy of active testing.
We recently developed a decision analytic model in patients with uninvestigated dyspepsia to compare the clinical benefits of active testing versus the lower costs of antibody testing (45) . For this model, we assumed a background H. pylori prevalence of 30% and used 1999 Medicare reimbursements for antibody testing ($25) and the urea breath test ($100). We assumed the cost of therapy to be $200. Our model found that active testing led to a substantial reduction in unnecessary treatment for dyspeptic patients without active H. pylori infection (antibody = 23.7, active = 1.4 per 100 patients) at an incremental cost of $37/patient. The decrease in unnecessary therapy has important implications for patients, payers, and society. For the patient, it makes no sense to ingest multiple medications without an expectation of clinical benefit. For the payer, the costs associated with the prescribing of therapy in uninfected patients can be substantial. From a societal perspective, antimicrobial resistance is a growing problem in the westernized world (46, 47) . Limiting the inappropriate use of antimicrobials may slow the development of resistance not only for H. pylori but for other bacteria as well. For these reasons, it is likely that tests which detect active H. pylori infection will gain popularity amongst clinicians.
Several other factors should be taken into consideration when choosing a non-endoscopic test for H. pylori. Recent studies suggest that the accuracy of various antibody tests may differ based upon geographical location (48) . Antigenic variability in H. pylori strains may explain some of the observed geographical differences in test accuracy (49) . The pretest probability of finding H. pylori infection (background prevalence of H. pylori infection) influences the predictive value of antibody testing in a given population (18) (figure 2). These observations have several potentially important consequences. First, local validation of different antibody tests and/or the development of antibody tests based upon local H. pylori strains may be necessary. In addition, antibody testing may be less useful in populations with a low prevalence of H. pylori infection or where the prevalence of H. pylori infection is rapidly decreasing.
The widespread use of antibiotics for indications unrelated to H. pylori is also likely to influence the usefulness of antibody testing in developed countries. Treatment with single antibiotics, such as clarithromycin, results in the cure of H. pylori infection in up to a third of infected patients (50) . This incidental H. pylori eradication in combination with the purposeful cure of the infection with multi-drug regimens will lead to a population of antibody positive but H. pylori uninfected individuals. In composite, the weight of the evidence strengthens the economic and clinical arguments for active as opposed to antibody testing in patients with dyspepsia in the primary care setting.
TESTING TO PROVE CURE OF H. PYLORI INFECTION AFTER TREATMENT
Currently, testing to prove cure of H. pylori infection is recommended in only selected clinical situations including recalcitrant or complicated (significant bleeding, perforation, penetration, obstruction) ulcers in the hopes of preventing future ulcer-related morbidity and mortality, in patients suffering with refractory dyspeptic symptoms despite an appropriate course of therapy, in patients with gastric MALT lymphoma, and after resection of early gastric cancer (51) .
However, the recommendations for testing following therapy for H. pylori are now becoming more inclusive. Given the possibility of future ulcer-related morbidity and mortality in those with persistent infection, most would agree that all patients with H. pylori-related PUD should undergo some form of follow-up testing.
Unfortunately, many if not most patients with dyspepsia and H. pylori infection remain symptomatic despite an appropriate course of antimicrobial therapy. In patients with ongoing symptoms despite therapy, it is important to establish the presence or absence of persistent infection prior to deciding upon the need for further therapy for H. pylori. This recommendation can be supported by several arguments. Accepted 10-14 day regimens for H. pylori result in a cure rate of 80-90% (52) . It is reasonable to expect that <50% of patients subjected to the "test and treat" strategy for dyspepsia will experience symptom resolution following therapy for H. pylori (53) . Therefore, even if one were to assume that all patients with persistent infection remained symptomatic, a substantial percentage of patients with symptoms will not have persistent infection. In addition, testing, unlike therapy, is unlikely to be associated with adverse events or the development of antimicrobial resistance. Finally, a course of H. pylori therapy is typically more expensive than a non-endoscopic test. Of course, arguments founded on the basis of cost are less relevant in situations where endoscopy is deemed to be necessary.
The role of follow-up testing in dyspeptic patients rendered asymptomatic after H. pylori therapy is much less clear. Some percentage of patients with H. pylori and dyspepsia will have PUD. As the clinician cannot know which dyspeptic patients have PUD, one could argue that follow-up testing may be of benefit to identify those with persistent H. pylori infection given the associated risk of ulcer recurrence. However, given the A very real consideration is that many patients will want to know that their H. pylori infection has been eliminated even if there is not an absolute medical indication for such testing. Fendrick and colleagues recently found that >70% of patients with PUD would be willing to commit >$50 of their own funds to obtain the peace of mind provided by follow-up testing (54) .
There are now several tests which can be used to confirm cure of H. pylori infection. In general, testing to establish H. pylori cure should be performed >4 weeks after the completion of therapy, regardless of the type of test chosen (25,51). The endoscopic methods including histology and RUT can be used, but cannot be routinely recommended on the basis of their high overall cost and the small, but definable risk associated with endoscopy. When a follow-up endoscopy is clinically indicated, it is important to realize that the sensitivity of the RUT is reduced in the post-treatment setting. A recent study found that antral CLO testing had a sensitivity of only 78% eight weeks after the completion of therapy for H. pylori. Combining RUT with histology increased sensitivity to 97% eight weeks following therapy (44) (table 3) .
Antibody tests can remain positive for years following the successful eradication of H. pylori (55) . Because of this, these tests are not a practical means of establishing cure in clinical practice. The NUTs provide a reliable means of establishing cure of H. pylori infection. Recent studies have found that the NUTs have sensitivity and specificity exceeding 90% in the post-treatment setting (28,37). Another study recently reported that a UBT performed 2 weeks after therapy yielded results comparable to testing done 4-6 weeks after therapy (56) .
The fecal antigen test can also be used to establish cure of H. pylori infection. A multi-center study from Europe found the FAT to be both sensitive and specific as a means of establishing H. pylori eradication (37). However, results from other studies have yielded conflicting results (57) . The timing and optimal cut-off for the stool test in the post-treatment setting remains controversial.
SUMMARY
There are clear indications for H. pylori testing. Testing should not be undertaken unless the clinician is prepared to offer appropriate therapy. A number of accurate tests for H. pylori are currently available though no single test can be considered the "gold standard." The choice of diagnostic test relies heavily upon whether or not an EGD is required and an understanding of the accuracy and costs associated with specific tests. It is important to consider overall costs associated with disease management (including costs for inappropriate therapy and its consequences or lack thereof) rather than only the acquisition costs associated with a specific test. Particularly in areas of low H. pylori prevalence, tests that identify active infection are the most logical choice. Recommendations for post-treatment testing are becoming more inclusive. In general, post-treatment testing should be performed no less than 4 weeks after the completion of therapy.
